Knowing the variations of planktonic cnidarians under climate change conditions is of importance due to the key role of carnivorous gelatinous zooplankton in the pelagic ecosystem. We investigated the abundance, spatial distribution, species richness and community structure of planktonic cnidarians in a temperate area, the NW Mediterranean, during the extremely warm summer of 2003 and the average summer of 2004. The surveys covered a broad and heterogeneous area. During the warm summer, the cnidarian community was half as abundant as during 2004, whereas its diversity was higher. The mesoscale spatial distribution of several species varied between the years. The structure of the community had a coastal-offshore ordination in the typical summer, but a north-south one in the warm summer when the temperature gradient prevailed instead of the bathymetry. Only hydromedusae were more abundant during the warm summer. The dominant siphonophore, Muggiaea atlantica, exhibited one of the greatest abundance decreases in 2003. Our results emphasize that exceptionally warm summer conditions could reduce gelatinous zooplankton abundance and change their latitudinal distribution and community composition. We stress the importance of mesoscale plankton surveys, including detailed taxonomic identification, as a critical tool for better understanding marine ecosystem responses to climatic variability.
are an important fraction of all zooplankton in terms of both abundance and species richness (Estrada et al., 1985; Mills et al., 1996; Saiz et al., 2014) . Their patterns of distribution, abundance and species richness are tightly linked to oceanographic dynamics and water mass structures, as well as to climate patterns (Graham et al., 2001; García-Comas et al., 2011; Licandro et al., 2012) . Thus, both mesoscale physical processes, such as currents, fronts and eddies, and climate variability, can shape and determine their distributions (Pagès and Gili, 1991; Graham et al., 2001; Boero et al., 2016; Guerrero et al., 2016) .
Changes in environmental and climatic conditions affect the composition, abundance and distribution of several groups of zooplankton (Hays et al., 2005; Piontkovski et al., 2011; Saiz et al., 2014) , including gelatinous forms (Lynam et al., 2010; Licandro et al., 2012) . Climate change has been suggested to be among the global phenomena driving increased jellyfish abundance and blooms Boero et al., 2016) , as well as changes in their species richness (Batistić et al., 2014; Boero et al., 2016) . In temperate regions, gelatinous zooplankters appear to be expanding their distributions and broadening their reproductive periods, which results in larger populations with significantly negative socio-economic impacts on maritime tourism in some areas (Boero et al., 2016) .
The Mediterranean is a strongly seasonal sea (Estrada et al., 1985; Bosc et al., 2004) , where the distributions and abundances of gelatinous zooplankters are regulated by the annual temperature cycle (Gili et al., 1987b; Batistić et al., 2007; Licandro et al., 2012) . The highest abundance and diversity occur in spring and summer (Gili et al., 1987b; Batistić et al., 2007; Licandro et al., 2012; Saiz et al., 2014) . Interannual variability in temperature has been pointed out as a determining factor in jellyfish abundance changes (Molinero et al., 2008; . It is known that higher temperatures promote faster life cycles and greater reproductive rates in many jellyfish species (Purcell, 2005; Boero et al., 2016) . In addition, high temperatures may favour earlier sexual and asexual reproduction of cnidarians, advancing the timing of their seasonal abundance peaks (Boero et al., 2016) . In recent years, rising ocean temperatures, due to climate change, have been well documented at global and local scales, including the Mediterranean Sea (Levitus et al., 2005; IPCC, 2014; Boero et al., 2016) , as well as an increase in the occurrence of extreme climatic events (Schär et al., 2004) . The summer of 2003 was exceptionally warm in Europe, where a heat wave from early June to mid-August produced record air temperatures, from 3 to 6°C above the seasonal averages (Schär et al., 2004) . This heat wave raised the sea surface temperature by 2-3°C over the whole Mediterranean (Grazzini and Viterbo, 2003; Sparnocchia et al., 2006) , an increase in line with the values foreseen in the future from the climatic trends in the region (Schär et al., 2004; Maynou et al., 2014) . During that same period, extensive mass mortality of rocky benthic macroinvertebrates (mainly gorgonians and sponges) was documented along the entire northwestern Mediterranean coast (Garrabou et al., 2009) , and Piontkovski et al. (2011) reported an increase of warm-water planktonic species in the Adriatic Sea. Along the Catalan coast, Atienza et al. (2016) and Maynou et al. (2014) observed reduced abundances of both zooplankton and ichthyoplankton. However, the consequences of such a warm anomaly for gelatinous and other planktonic communities are still poorly understood (Piontkovski et al., 2011; Atienza et al., 2016; Oliver et al., 2017) .
Studies of zooplankton time-series conducted in different areas of the Mediterranean Sea have shown longterm changes in gelatinous and non-gelatinous zooplankton in relation to climate variability (Benović et al., 2000; Molinero et al., 2005 Molinero et al., , 2008 García-Comas et al., 2011; Berline et al., 2012; Licandro et al., 2012; Batistić et al., 2014) . Nevertheless, the observed effects show no strongly coherent responses among sampling sites (Berline et al., 2012; Saiz et al., 2014) . Most of those studies were conducted at only a few stations, over limited geographical areas, and identified either some species or broad taxonomic groups. However, latitudinal changes in species distributions do reflect the responses of ecosystems to rising temperatures (Hughes, 2000; Beaugrand et al., 2002) .
In the present work, we aim to add a spatial dimension to the study of changes in marine zooplankton communities under extremely warm summer conditions, while also dealing with taxonomic identification at species level of the whole planktonic cnidarian community (siphonophores, hydromedusae and scyphomedusae). We compared two summers with contrasting temperatures: the exceptionally warm summer of 2003 and the summer of 2004 with temperatures near the climatic average for the period 2000-2012 (Sparnocchia et al., 2006; Maynou et al., 2014) . The study covered a broad and heterogeneous area of the Mediterranean, the Catalan coast. It provides different environmental gradients for study: those in bathymetry, temperature, salinity and primary production. The comparative study of those two summers can shed light on the potential effects of extremely high temperatures upon gelatinous zooplankton, and their responses to strong and sudden temperature variations.
The initial hypothesis in this study was that the exceptionally warm summer conditions of 2003 would cause considerable changes in the abundance, spatial distribution, species richness and community structure of the planktonic cnidarians in the temperate area studied. The response of the cnidarian community to this extreme event provides new insights about the likely impacts of climate change on marine ecosystems during future warming conditions.
M E T H O D
The study area was along the Catalan coast in the NW Mediterranean (Fig. 1) . Oceanographic cruises were conducted during the summer of two consecutive years: 18-25 July 2003 and 21-29 July 2004. During each survey, 66 stations were sampled on transects perpendicular to the shoreline, over the continental shelf and slope. Stations on each transect were 14 km apart, while the distance between transects was 18.5 km. Vertical profiles of basic hydrographic variables (temperature, salinity and fluorescence) were obtained with a Neil Brown Mark III-CTD (WOCE standard) equipped with a Sea Tech fluorometer. The vertical profiles were averaged over 1 m depth intervals. Water for chlorophyll a determinations was collected with a rosette sampler from three depths down to 70 m at each station during both day and night occupations, in order to calibrate the in situ fluorometer (see Sabatés et al., 2009 for a methodological description). Circulation in the area was estimated from geostrophic fields obtained from dynamic heights at the stations. The reference level was 600 m and, where the depth of a station was less, the dynamic height was extrapolated using a continuity equation applied to the deepest levels of three-station clusters (Hidaka, 1940) . Along-and across-shore geostrophic velocity components at the stations were derived from a stream function obtained by interpolating dynamic heights over the whole area (Stewart, 2008) . Given the general NE-SW orientation of the Catalan coast, the velocity components were rotated 45°, such that U45 is the across-shore component of the current velocity, with positive values directed offshore, and V45 is the alongshore component, with positive values toward the SW. Vorticity or curl of the current velocity at each station was obtained from the spatial derivative of the stream function (Stewart, 2008) .
Zooplankton was sampled with a Bongo net with 60 cm mouth diameters and 300 μm mesh size. Hauls were oblique from a maximum depth of 200 m to the surface (or from 5 m above the bottom to the surface at stations shallower than 200 m). The volume of water filtered was estimated using a flowmeter suspended in the centre of the net mouth. Zooplankton samples were fixed immediately after collection in 5% formaldehyde buffered with sodium tetraborate. In the laboratory, the whole planktonic cnidarian community (hydromedusae, siphonophores and scyphomedusae) was analysed to the species level using a stereomicroscope. Aliquots were taken only to quantify the most abundant species (e.g. Muggiaea atlantica and Aglaura hemistoma), and minima of 100 individuals per species were counted to estimate the actual number in the sample (Postel et al., 2000) . Calycophoran polygastric stages were counted as the number of complete colonies, plus the highest number of either anterior or posterior nectophores. The distinctly eudoxid sexual stages of Abylopsis tetragona, Chelophyes appendiculata and Eudoxoides spiralis were identified and counted based on the number of detached bracts and intact eudoxids; that is a relevant piece of information, since they represent the reproduction and continuity of the species in an area. Quantitative study of them is indispensable for estimating the importance of these species in marine food webs (Gamulin and Kršinić, 1993; Grossmann et al., 2014) . Nectophores of physonect siphonophores and the calycophoran Hippopodius hippopus were counted and divided by 10, following Pugh (1984) , to estimate the number of colonies sampled. The numbers of individual medusae, siphonophore colonies and eudoxid stages were standardized to the number of individuals per 1000 m 3 of filtered seawater.
Data analysis
For each species and survey, the mean abundance values, frequencies of occurrence (FO, percentage of stations where a taxon occurred) and the relative abundances (RA, percentage contribution of a taxon to the total mean abundance of individuals) were calculated. For each station and cruise, the species richness (S) of the cnidarian community was estimated as the total number of species, and the diversity was calculated as the Shannon diversity index (H'), using natural logarithms.
Significant differences in abundance between the two summers were tested for the total cnidarians and for the taxa Siphonophorae, Hydromedusae and Scyphomedusae by means of an analysis of variance using generalized linear models (GLM). The counts of total cnidarians and Siphonophorae, which followed a Poisson distribution, were analysed with the function "glm" from the "stats" library in R (R Core Team). For Hydromedusae and Scyphomedusae, which followed a negative binomial distribution, the "glm.nb" package (Venables and Ripley, 2002) was used with a log link function (Zuur et al., 2009) . The log of seawater filtered by the net was included as an offset inside all models to eliminate biases due to variable sample sizes (Penston et al., 2008; Zuur et al., 2009; Guerrero et al., 2013) .
To assess the existence of groups of stations similar on the basis of species composition and species abundance, a cluster analysis was performed using the "vegan" package (Oksanen et al., 2015) . Species with five or fewer presences and/or FO < 3% in each survey were not included in the analyses. The abundances of species were log-transformed (ln (x + 1)) and clustering of stations was carried out using Bray-Curtis distances and Ward's hierarchical agglomeration method. The graphical display of the ordered community table was carried out with the R routine "coldiss" from Borcard et al. (2011) . Afterward, a canonical correlation analysis (CCA) was performed for each survey with the "vegan" package (Oksanen et al., 2015) , in order to explore the multivariate relationships between the station matrixes of species abundances and the environmental variables. Collinearity between pairs of variables was evaluated with scatterplots, Pearson's correlation coefficients (cutoff value |0.6|) and corroborated by the variance inflation factor (Zuur et al., 2009) . The variables chlorophyll a (at 5 m depth) and salinity (at 5 m depth) were collinear and salinity was kept for the analyses, since this parameter has been recognized previously as an important factor in the distributions of gelatinous zooplankton in the area (Gili et al., 1988; Guerrero et al., 2016) . Initially, variables from near-surface (5 m) and intermediate layers (60 m) were included in the analyses. However, since surface variables were by far the most determinant, and inclusion of those from 60 m eliminated~38% of the stations, i.e. those with depths shallower than 60 m, the deeper variables were not included in the final analyses. Thus, the environmental matrix used was composed of eight explanatory variables: bathymetry (m, depth), time of sampling (day or night), surface (5m) temperature (°C) and salinity, integrated chlorophyll a concentration (μg l −1 ) (from a maximum depth of 100 m to the surface), across-shore velocity (cm s ). Depth was logtransformed (ln(z)). All statistical analyses were done using the free statistical software R, version 3.0.2 (R Development Core Team, 2013) . Maps of the horizontal distribution of the environmental parameters, by means of spline interpolation, and species abundance were generated by ArcGIS 10.2 software. The Catalano-Balearic Sea Bathymetric Chart (2005) was used to represent the bathymetry at 100 m intervals.
R E S U L T S Hydrographic conditions
The summer of 2003 was warmer than that of 2004, with sea surface temperatures 2-3°C higher in July 2003 than in July 2004. In both years, a substantial difference in temperature was detected between the northern and southern parts of the region, and a marked thermal front perpendicular to the coastline of nearly 2°C was located around 41°30′N ( The surface salinity distribution showed similar average values in both years and was characterized by the presence of low-salinity patches on the continental shelf off the Ebro River mouth in the southern part of the area (Table I and Fig. 2 ). In both years, two low-salinity patches were detected: one close to the coast north of the Ebro delta and the other near the shelf edge at the southern limit of the sampled area. In July 2004, a water mass of high salinity (38.28) was located offshore in the southern half of the area.
Surface chlorophyll a was very low almost everywhere. There were, however, some patches of relatively high concentration near the Ebro delta (0.79 mg m −3 in 2003 and 1.14 mg m −3 in 2004; Table I and Fig. 2 ), in the same positions as the surface patches of low salinity described above. Small patches were also observed close to the coast in the vicinity of Barcelona, a highly populated zone, and at secondary river mouths (Fig. 2 ). Integrated (0-100 m) chlorophyll a was higher in July 2003 than in 2004 (Table I) , with the lowest values close to the coast, then increasing over the shelf and slope. In July 2004, the lowest values were also found offshore (Fig. 2) . In both surveys, the southwest flowing Northern Current was very apparent in the NE of the study area, (>41°-30′N), being more intense in July 2003 (Fig. 2) . Two anticyclonic eddies were located in the central part of the area in 2003, whereas a large anticyclonic eddy was found to the east of Barcelona in 2004. In both years, complex current patterns were detected over the continental shelf in the vicinity of the Ebro delta, dominated by negative (anticyclonic) vorticity in well-defined eddies, particularly in 2003.
Abundance and species composition
A total of 56 species of planktonic cnidarians were found in the two summers, comprised of 17 siphonophorae, 36 hydromedusae and 3 scyphomedusae. The numbers of cnidarian species were quite similar, 46 (range: 3-22) in July 2003 and 44 (range: 1-17) in July 2004 (Table II) . Nevertheless, the total abundance of cnidarians was over twice as great in the average summer (z-value = 102.8, P-value <0.001). Siphonophorae (z-value = 108.0, P-value <0.001) and scyphomedusae (z-value = 4.6, P-value <0.001) were both significantly more abundant in the average summer, while the abundance of hydromedusae (z-value = −3.2, P-value <0.01) was greater in the warm summer (Table II and Fig. 3 ). The Shannon index (H') indicated more diversity in the warm summer (1.38 ± 0.36; range: 0.52-2.19) than in the average summer (0.98 ± 0.57; range: 0.00-1.95).
Siphonophores were the most abundant cnidarians in both summers, with polygastric stages of M. atlantica and Lensia subtilis representing the most numerous and widespread species (Table II) . Siphonophore species composition was virtually the same in the two years, although Agalma elegans was only found in 2004 and a free-swimming siphosome fragment of Apolemia sp. was collected once in 2003 (Table II) . The dominant M. atlantica, was one of the most reduced species in the warm summer, while Muggiaea kochii was more abundant in that summer (Table II) . The quantified eudoxid stages constituted a relatively high percentage of the total cnidarian community (~10%) and were more abundant in the average year. Eudoxid stages of C. appendiculata were the most abundant and widespread in the two summers (Table II) .
Hydromedusae were the only cnidarian taxon that had higher abundances in the warm summer, with A. hemistoma and Rhopalonema velatum the most common and widespread species. This taxon showed the most important changes in species composition between summers due to the more diverse orders Anthoathecata and Leptothecata, while the less diverse Narcomedusae and Trachymedusae conserved the same species compositions (Table II) . In both summers, holoplanktonic hydromedusae (Narcomedusae, Trachymedusae and the neustonic colonies Porpita porpita and Velella velella) were more abundant than the meroplanktonic (Anthomedusae and Leptomedusae). The holoplanktonic species were more abundant in the warm summer than the normal one (375 ± 371 compared with 201 ± 318 ind. 1000 m −3 ), while meroplankton were more abundant in the average summer (increasing from 14 ± 18 to 21 ± 98 ind. 1000 m
−3
). Scyphomedusae were the second most abundant taxon in the average summer due to the high abundance of Pelagia noctiluca ephyrae and juveniles. The abundance of that species was markedly lower in the warm summer (Table II) . With regard to occurrences of species, the only difference between the years was one specimen of Nausithoe punctata taken in 2003.
Spatial distribution and relationships with environmental variables
In the warm summer, stations discriminated by the cluster analysis were strongly separated into north and south sets of groups (Fig. 4) . Two groups (C and E) were located in the northern part of the area and two groups Depth, bottom depth; T, temperature; S, salinity; Chl a, chlorophyll a; Int. Chl a, 0-100 m integrated chlorophyll a; U45, across-shore component of the current velocity; V45, alongshore component of the current velocity; SD, standard deviation; Min., minimum value; Max., maximum value. 
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were in the south (B and D). There was a mixing zone located south of the thermal front between Blanes and Barcelona (Figs 2 and 4) . The two groups in the northern area were characterized by high abundances of Persa incolorata and C. appendiculata (polygastric and eudoxid stages). Group C was located over the shelf and had both the highest abundance of M. kochii and the exclusive occurrences of Euphysa aurata and Eutima gegenbauri (Fig. 4) , while group E was located over the continental slope and presented the lowest abundances of M. atlantica, A. hemistoma and R. velatum. In the southern area, group D was located close to the coast and presented both the highest abundances of Obelia spp. and a low frequency of C. appendiculata (polygastric and eudoxid stages). Over the continental shelf and slope, group B had both the highest abundances of A. tetragona (polygastric stage) and P. noctiluca and the exclusive occurrences of E. spiralis and Gastroblasta raffaelei (except for one station in group D). South of the Ebro delta, one station group (A) had the fewest species (Fig. 4) . In the average summer, however, a strong coastaloffshore separation was evident (Fig. 4) . Groups F and I extended all along the region, the first close to the coast and the second over the slope region. Two other groups were near the coast, but extending over the shelf: group J in the north and group G in the south (Fig. 4) . The coastal groups (F and J) were characterized by the highest abundances of Obelia spp. and M. kochii, while the large group over the slope (I) was defined by the highest abundance and occurrence of Lensia conoidea, Lensia meteori (except one station in group J) and Solmissus albescens (Fig. 4) . Group G, over the southern continental shelf, was characterized by the greatest abundance and frequency of A. tetragona and P. noctiluca. As in the warm summer, a small group of stations (H) with the lowest number of species was located south of the Ebro delta.
Relationships among planktonic cnidarian abundance and environmental variables shown by the CCA analyses explained 82 and 78% of the total variance in the warm and the average summers, respectively. In the warm summer, the first ordination axis accounted for 37% of the constrained variance. It was negatively correlated with temperature (−0.85) and positively correlated with salinity (0.76) (Table III and Fig. 5 ). Species associated with this axis were A. tetragona (polygastric stage), P. notiluca, E. spiralis (polygastric and eudoxid stages) and G. raffaelei located on the left side of the dispersion diagram, associated with increasing temperature and decreasing salinity (Fig. 5 ). They were particularly abundant in the southern part of the study area, characterized by high temperature and low salinity, and very scarce north of the thermal front ( Fig. 6 ; A. tetragona, as example). On the other side of the axis, P. incolorata, C. appendiculata (polygastric and eudoxid stages), M. kochii, E. aurata and E. gegenbauri were related to decreasing temperature and increasing salinity (Fig. 5) . These species were mainly distributed north of the thermal front ( Fig. 6 ; P. incolorata, as example). The second axis explained 28% of the constrained variance and was positively correlated with depth (0.72) and integrated chlorophyll a (0.56). The species associated with these environmental conditions were L. conoidea, L. meteori and S. albescens, located in the upper-right side of the diagram, and associated with increasing depth and integrated chlorophyll a (Fig. 5) . The distributions of these species were limited to the most offshore stations with the highest and intermediate values of integrated chlorophyll ( Fig. 6 ; L. conoidea, as example). On the opposite side of the axis, the coastal hydromedusan Obelia spp. was related to shallower depths and decreasing integrated chlorophyll a, mainly in the central coastal area (Fig. 6) .
In the average summer, the first ordination axis explained 46% of the constrained variance and was positively correlated with depth (0.86) (Table III and Fig. 5 ). As observed in the warm summer, the species associated with increasing depth were L. conoidea, L. meteori and S. albescens, while Obelia spp. and M. kochii were associated with shallower depths (Fig. 6 ; L. conoidea and Obelia spp., as examples). The second axis explained 19% of the constrained variance and was negatively correlated with temperature (−0.68). The species related to warmer waters were A. tetragona (polygastric stages), P. noctiluca and L. tetraphylla and, as observed in the previous summer, these were mainly collected in the warm southern part of the area ( Fig. 6 ; A. tetragona, as example). On the other side of the axis, species such as P. incolorata and Rhabdon singulare were associated with colder waters north of the thermal front ( Fig. 6 ; P. incolorata, as example). Species with a weaker relationship with environmental parameters were located close to the axis origins in CCA plots (Fig. 5) , including M. atlantica, A. hemistoma, L. subtilis, C. appendiculata and R. velatum. They had wide distributions over the survey area ( Fig. 7; showing M. atlantica and A. hemistoma as examples).
D I S C U S S I O N
Climatic conditions, especially temperature variations, have a decisive influence on gelatinous zooplankton distributions and abundance (Brodeur et al., 1999; Lynam et al., 2010; . In recent years, studies conducted in different regions show that warmer conditions are frequently accompanied by increased abundance of gelatinous species (e.g. Purcell, 2005; Brodeur et al., 2002) . However, the present study shows that the community of planktonic cnidarians was significantly less abundant in the exceptionally warm summer of 2003.
In both summers, siphonophores were the dominant taxon, as observed in previous studies in the NW Mediterranean (Gili et al., 1988; Andersen et al., 2001 ; and heatmap representing the abundance of the species (colour gradation from white to dark red represents from absence to the highest abundance), the five species-groups are indicated within different boxes labeled with letters. P, polygastric stage (asexual); E, eudoxid stage (sexual). Lower: spatial distribution of the five speciesgroups in the study area. Note that the same colour/symbol group indicates only a similar spatial distribution in both years but not the same species composition. Sabatés et al., 2010) . Muggiaea atlantica was the most abundant species in both summers, but markedly decreased during 2003 (Table II and Fig. 7) . Muggiaea atlantica has been the dominant species in the NW Mediterranean since it replaced the formerly dominant, congeneric species M. kochii in the 1980s (Cervigón, 1958; Riera et al., 1986; Gili et al., 1988; Licandro et al., 2012) . Muggiaea atlantica is a cold-temperate species, with reduced abundance at temperatures higher than 24°C (Marques et al., 2008; Batistić et al., 2013) . Muggiaea kochii is a warm-temperate species with a seasonal peak of abundance in summer (Riera et al., 1986; Gili et al., 1988; Licandro et al., 2012) . The alternation of the two species is well known from the English Channel and in other regions (Russell, 1934; Mackie et al., 1987; Blackett et al., 2014) . In the present study, this alternation seemed to take place in relation to water temperature changes. Probably, the high temperatures recorded in summer 2003 negatively affected the M. atlantica population, allowing other species to increase in abundance by taking advantage of its under-used trophic niche.
Among siphonophores, the eudoxid stages of several species were very well represented in both summers. Studies on the distributions of calycophoran eudoxid stages in the Western Mediterranean are very few (Cervigón, 1958; Dallot et al., 1988; Sabatés et al., 2010) . In the present study, C. appendiculata and A. tetragona were the most abundant, in agreement with the observations of Cervigón (1958) and Dallot et al. (1988) . In the warm summer, both eudoxid species showed lower abundance compared with the average one, and they were absent in the warmer southern area with their distributions displaced northward and seaward. This could be a sign that the highest temperatures of 2003 were unfavourable for the sexual reproduction of these species, although there are not enough studies that confirm the relation between high temperatures and siphonophores reproduction (Mackie et al., 1987; Mapstone, 2009 ). In addition, zooplankton had reduced abundance in the southern area in 2003 (Maynou et al., 2014; Atienza et al., 2016) , and according to Purcell (1982) , the production of eudoxids decreases when food is scarce. Consistent with our observations, Dallot et al. (1988) found significantly higher abundance of eudoxids in areas of greater food availability.
Contrary to the findings for siphonophores, hydromedusae were more abundant in the warm summer. There were high densities of holoplanktonic species such as the trachymedusae A. hemistoma and R. velatum. These are warm-water species, which are often very abundant in the western Mediterranean (Gili et al., 1988; Licandro and Ibañez, 2000; Batistić et al., 2007) and Atlantic Ocean (Pagès and Gili, 1991; Hosia et al., 2008; Nogueira Júnior et al., 2014) , particularly in the summer months. The increased abundance of both species in the warm summer seems a natural consequence of high temperatures favouring these warm-water species. Moreover, holoplanktonic species could take advantage more efficiently than the meroplanktonic species of the under-used trophic niche left by M. atlantica during the warm summer. The dominance of holoplanktonic hydromedusae compared with meroplanktonic species relates to their different life cycles. Holoplanktonic hydromedusae are always present in the water column, whereas meroplanktonic hydromedusae have a temporary presence in the plankton. When environmental conditions are optimal for their benthic phase (polyp), it releases the freeswimming medusae for sexual reproduction (Boero and Bouillon, 1993; Gili et al., 1998) . Thus, holoplanktonic species tolerate wider ranges of temperature. On the other hand, the lower abundance of meroplanktonic species in the warm summer could have been due to earlier than usual release of medusae from the polyps (Boero et al., 2016) . It is known that higher temperatures promote faster life cycles and greater reproductive rates in many jellyfish species (Purcell, 2005; Boero et al., 2016) . On the other hand, the low abundance of zooplankton prey for the polyps during the warm summer (Maynou et al., 2014; Atienza et al., 2016) could have had a negative effect on the release of medusae (Gili et al., 1998) . Extremely warm conditions would especially and negatively affect the meroplanktonic species with short-lived medusa stages since their survival depends on narrower temperature ranges and sufficient food availability (Matsakis, 1993; Edwards and Richardson, 2004) . In bold, the most significant relationships for each year (>0.55). Depth, bottom depth; Int. Chl a, 0-100 m integrated chlorophyll a; U45, acrossshore component of the current velocity; V45, alongshore component of the current velocity.
Ephyrae of the scyphomedusan P. noctiluca are one of the most abundant planktonic cnidarians off the Catalan coast during the early summer months (Gili et al., 1988; Sabatés et al., 2010; Tilves et al., 2016) . Their abundance was remarkably low during the warm summer. As the sexual reproduction in this species takes place in late spring and early summer (Canepa et al., 2014) , the higher temperatures experienced during the 2003 summer could have triggered earlier sexual reproduction and, thus, low abundance of ephyrae during our sampling. On the other hand, the lower abundance of siphonophores during the warm summer could reduce the abundance of ephyrae, since it has been reported recently that siphonophores are the most abundant and frequent prey of ephyrae in the area (Tilves et al., 2016) .
The cnidarian species composition and richness found in the two summers studied were similar to those observed previously in the area (Gili et al., 1987b (Gili et al., , 1988 Table III ). Black dots represent the location of the sampling stations. Depth, bottom depth; Int. Chl a, integrated (0-100 m) chlorophyll a, U45, across-shore component of the current velocity, V45, alongshore component of the current velocity. 
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et al., 2010). The higher diversity (H') of the warm summer was mainly due to the lower abundances of the dominant cnidarian species, M. atlantica and P. noctiluca. The holoplanktonic cnidarian community species composition was practically the same in both years; those species are widely distributed, more generally tolerant than the meroplanktonic species and thus they can maintain viable populations in strongly variable environments (Gibbons et al., 2010) . The meroplanktonic cnidarian community composition differed considerably between the two summers, as expected from their life cycles (Arai, 1992; Boero and Bouillon, 1993; Gibbons et al., 2010) . There is little information regarding diversity indices of planktonic cnidarian communities in similarly extensive areas. Compared with other regions, our diversity values for both summers are lower than those found in the channels of southern Chile (Palma et al., 2007a (Palma et al., , 2007b ) but similar to those reported off Redang Island, Malaysia (Nakajima et al., 2013) and in the upwelling zone off central Chile (Pavez et al., 2010) . The species richness (number of species) found along the Catalan coast was quite high compared with those cited areas; however, the high abundance of M. atlantica (up to 70%) in the Mediterranean decreased our diversity indices.
The coastal-offshore ordination of the community in the average summer is consistent with previous studies in the area (Gili et al., 1988; Sabatés et al., 2010) . A coastal-to-open sea gradient in the community composition has also been described in other geographic regions (e.g. Palma et al., 2007b; Nagata et al., 2014) . However, the conditions of the warm summer shifted the weight of the environmental factors, with the latitudinal temperature gradient being the key factor structuring the community and bathymetry taking a secondary role.
During both summers, the species characterizing the coastal and offshore communities remained the same. The coastal community was defined by Obelia spp. and M. kochii, both very common species in coastal areas (Gili et al., 1988; Batistić et al., 2013; Nagata et al., 2014) . Obelia spp. are filter-feeders able to feed even on bacteria , and they are able to take advantage of highly productive areas and seasons to increase their populations rapidly (Orejas et al., 2000;   Guerrero et al., 2013) . Muggiaea kochii is one of the few siphonophores inhabiting coastal and estuarine waters (Nagata et al., 2014; D'Ambrosio et al., 2016) . The offshore community, distributed all along the shelf-slope, was well defined by L. conoidea, L. meteori and S. albescens. These are mesopelagic species performing extensive diel vertical migrations (Pugh, 1974; Kirkpatrick and Pugh, 1984; Mills and Goy, 1988) , and they have been recorded previously over the Catalan continental slope (Sabatés et al., 2010) .
The northern and southern communities showed the most important changes in species composition between the two summers, though some species characteristic of the two areas remained in both years. The northern community, related with the colder and more saline waters, was defined by the presence of R. singulare in the average summer and E. aurata in the warm summer, whereas in both years, there were high abundances of P. incolorata. These three hydromedusae are mesopelagic and have been previously observed in colder and saline waters in the NW Mediterranean (Berhaut, 1969; Gili et al., 1988; Goy, 1991; Buecher and Gibbons, 1999) . The siphonophores C. appendiculata (polygastric and eudoxid stages) and M. kochii, both warm-temperate species (Alvariño, 1971; Bouillon et al., 2004) , were mainly located in the north during the warm summer, probably because the higher temperatures recorded in the southern area negatively affected their abundance, either directly or indirectly due to the low prey resources (Purcell, 1982; Dallot et al., 1988) . The southern community, related with the warmer and less saline waters, was defined by A. tetragona and P. noctiluca in both years and by the appearance in only 2003 of both E. spiralis (polygastric and eudoxids stages) and G. raffaelei. The two first species are common and abundant in the area, previously correlated with warm temperatures (Gili et al., 1987a (Gili et al., , 1988 . The epipelagic siphonophore E. spiralis is associated with high temperatures in both the Mediterranean and the Atlantic Ocean (Gamulin and Kršinić, 1993; Nogueira Júnior et al., 2014) . The hydromedusa G. raffaelei is endemic in the Mediterranean Sea, found so far only in the Adriatic, Tyrrhenian and Ligurian Seas . This is the first report of it in the Catalan Sea.
During only the warm summer, the gradient of the integrated chlorophyll a was correlated to some extent to the coastal-offshore ordination axis; however, since its distribution was correlated with the bathymetry (see Fig. 2 ), and non-significantly so in 2004, we believe that variable had no direct effect on the spatial distribution of cnidarians. Instead we conclude that bathymetry is the effective variable. Although hydrographic features such as currents and vorticity have been reported to influence the spatial distribution of other zooplankters in the area, including fish larvae (Sabatés et al., 2013) , their effects on the planktonic cnidarian distributions in our study could be masked by depth and temperature gradients.
Long-term studies carried out in the NW Mediterranean have reported increased abundances of jellyfish (Molinero et al., 2005 (Molinero et al., , 2008 , while others showed no increasing trend (García-Comas et al., 2011; Berline et al., 2012; Licandro et al., 2012) . Nevertheless, major changes in community composition have been observed (Licandro et al., 2012) . Our observations did not match a trend toward generally increasing planktonic cnidarian abundance, given the substantial decrease observed during the anomalously warm summer in 2003. The effects of temperature changes on marine systems are far from simple and depend on the temporal scale of variability, from sudden changes to trends over time. They also depend on the responsive capacities of the organisms. The summer heat conditions of 2003 constituted an extreme event (Schär et al., 2004) , involving strong and sudden temperature changes. Thus, their effects on the planktonic community may not be comparable with those caused by long-term warming. In addition, high temperatures may favour earlier sexual and asexual reproduction of cnidarians and other species (Hays et al., 2005; Boero et al., 2016) , advancing the timing of their seasonal abundance peaks. That is particularly likely for meroplanktonic and cool-temperate species. Finally, we must take into account the reduction of food availability, due to a general decrease in zooplankton during the extreme event of 2003 (Piontkovski et al., 2011; Maynou et al., 2014; Atienza et al., 2016) , which could also have negatively affected the planktonic cnidarians. We wish to stress the importance of spatial mesoscale plankton surveys with detailed taxonomic identification (including distinctly different life stages), as a critical tool for tracking changes in the community structure of high diversity regions, such as the Mediterranean, and for better understanding of marine ecosystem responses to climatic variability.
C O N C L U S I O N S
Our study confirms that bathymetry (the coastal-offshore gradient) is the main factor determining the spatial distribution pattern of the planktonic cnidarian community under average summer conditions. The anomalously high temperatures of summer 2003 strengthened the latitudinal (N-S) community ordination, with the appearance of some species characteristic of warmer waters (E. spiralis and G. raffaelei), and the northward displacement of certain other species (M. kochii and C. appendiculata) and of the sexual stages of some siphonophores (C. appendiculata and A. tetragona). These distributional changes were associated with strong reductions in the abundance of the dominant species (M. atlantica and P. noctiluca) and of the sexual stages of siphonophores (C. appendiculata and A. tetragona). Our results agree with the few other studies of the footprints of the 2003 Mediterranean heat anomaly on marine plankton communities (Piontkovski et al., 2011; Atienza et al., 2016) and the general effects of the ocean warming on jellyfish (Boero et al., 2016) . Under possible future extreme climate change scenarios, planktonic cnidarian communities in temperate regions would change their structure, by varying their abundance, species composition, spatial distribution and phenology, with implications in the marine trophic webs and the populations of apex predators like fish.
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